REMARKS 

Reconsideration and allowance are respectfully requested in 
light of the above amendments and the following remarks. 

Proposed changes to Figs. 1, 3, 6, and 7 are submitted 
herewith to overcome the objections thereto. 

A new Abstract is submitted herewith as required by the 
Office Action. 

A substitute specification is enclosed for the purpose of 
overcoming the rejection under 35 USC §112, first paragraph. 
Additionally, a comparison document of the substitute and 
original specifications is enclosed. 

No new matter is believed to be added by the amendments . 

Claims 1-10 have been canceled in favor of new claims 11-15, 
which better define the subject matter Applicants regard as the 
invention. Support for the features recited in new claims 11-15 
is provided by the original claims and Figs . 4 and 7 and their 
accompanying descriptions in the specification. 

Claims 1-10 were rejected, under 35 USC §103 (a), as being 
unpatentable over Esmailzadeh et al. (US 6,175,744) in view of 
Rom (US 5,450,616). To the extent these rejections are deemed 
applicable to new claims 11-15, Applicants respectfully traverse. 

New claim 11 recites: 

A packet communication apparatus comprising-: 
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a transmitter that transmits a plurality of 
transmission units ^ constituting a packet signal^ in 
order; 

a determiner that makes a determination as to 
whether or not a quality of a transmitting packet 
signal has deteriorated below a predetermined quality 
levels at a comamiication end^ based on transmit power 
control information received from said communication 
end; and 

a controller that: 

in response to a determination by said 
determiner that the quality of the transmitting 
packet signal is deteriorated below the 
predetermined quality levels halts transmit power 
control on those among the transmission units 
constituting the transmitting packet signal that 
are transmitted after the determination; and 

based on the transmit power control 
information on the transmission units constituting 
the transmitting packet signal^ said information 
received after the determination^ performs 
transmit power control on a beginning transmission 
unit of a next transmitted packet signal. 

The combined teachings of Esmailzadeh and Rom fail to 

suggest the features recited in claim 11 wherein: (1) in response 

to a determination by the determiner that the quality of a 

transmitting packet signal deteriorated below a predetermined 

quality level, a controller halts transmit power control on those 

among the transmission units constituting a transmitting packet 

signal that are transmitted after the determination and (2) based 

on the transmit power control information, of the transmission 

units, received after the determination, the controller performs 

transmit power control on a beginning transmission unit of a next 

transmitted packet signal. 
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By contrast to the above-noted claimed features, Esmailzadeh 
discloses in Figs. 8 and 9 an apparatus for controlling the power of 
a signal transmitted between a base station and a mobile terminal 
(Esmailzadeh col. 2, lines 28-31). This apparatus includes a means 
for detecting a signal fluctuation occurring on a down link or up 
link; a means for generating power control information in order to 
compensate for the signal fluctuation occurring on the up link or 
down link, on the basis of the detected signal fluctuation; a means 
for compensating for the power of the signal transmitted on the up 
link or down link on the basis of the information; and a means for: 
(1) comparing the generated power control information and a 
predetermined permissible compensated value, (2) temporarily stopping 
the transmission if the power control information is larger than a 
predetermined permissible compensation value as a result of the 
comparison, and (3) compensating for the transmission power if the 
power control information is equal to or smaller than the 
predetermined permissible compensation value (col. 2, lines 31-45) . 
Accordingly, when the transmission power of the packet is requested 
to be more than a predetermined value and when it will be too intense 
so as to interfere with other base stations or mobile terminals in a 
mobile communication system, the transmission is temporarily stopped, 
and a certain time later it resvimes (col. 2, lines 47-56). 

In short, Esmailzadeh discloses temporarily stopping a 
transmission when the transmission power of the packet is requested 
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to be more than a predetermined value (see steps 802A, 802B, 906A, 
and 906B in Figs. 8 and 9) . At some time later, the transmission may- 
resume . 

Esmailzadeh does not disclose halting a transmit power control 
operation for transmission units of a packet that are communicated in 
response to a determination that a quality of a transmitting packet 
signal is deteriorated below a predetermined level, as recited in 
claim 11. A significant distinction between claim 11 and 
Esmailzadeh, with regard to this feature, is that Esmailzadeh teaches 
stopping a transmission of data upon determining a deteriorated 
signal quality, while claim 11 recites continuing the transmission of 
units of a packet, upon such a condition, but without the benefit of 
continued transmit power control . 

Moreover, Esmailzadeh does not disclose performing transmit 
power control on a beginning transmission unit of a next transmitted 
packet based on the transmit power control information of the 
transmission units received after determining the deteriorated signal 
quality, as recited in claim 11. As may be determined by inspection 
of Esmailzadeh' s Fig. 8, steps 802-807 disclose that the transmission 
power is not adjusted after a determination is made that the 
transmission quality has deteriorated to a particular extent. 
Instead, the transmission is stopped for the duration of the current 
slot. When the next slot period arrives, the transmission power 
remains at the same level that was used prior to determining the 
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existence of the deteriorated signal quality. No consideration is 
given to the transmit power control information received after 
determining the deteriorated signal quality when establishing the 
transmit power of the next transmission slot. These features are 
similarly illustrated in steps 906-910 of Esmailzadeh' s Fig. 9. 

Rom is cited in the Office Action only for teaching the 
feature of communicating transmit power control information within 
transmission units (Office Action page 6, last line, through page 7, 
line 4). However, Rom's proposed teaching does not supplement 
Esmailzadeh' s teachings with regard to the above-noted features 
distinguishing claim 11 from Esmailzadeh. 

Accordingly, the combined teachings of Esmailzadeh and Rom do 
not suggest the subject matter defined by claim 11 wherein: (1) in 
response to a determination that the quality of a transmitting packet 
signal is deteriorated below a predetermined quality level, a 
controller halts transmit power control on those among the 
transmission units constituting a transmitting packet signal that are 
transmitted after the determination and (2) based on the transmit 
power control information, of the transmission units, received after 
the determination, the controller performs transmit power control on 
a beginning transmission unit of a next transmitted packet signal. 
Therefore, allowance of claim 11 and all claims dependent therefrom 
is warranted. 
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Independent claim 15 recites similar features to those 
distinguishing apparatus claim 11 from the applied references^ but 
with respect to a method. For similar reasons that these features 
distinguish claim 11 from the applied references, so too do they 
distinguish claim 15. Therefore, allowance of claim 15 is warranted. 

In view of the above, it is submitted that this application is 
in condition for allowance and a notice to that effect is 
respectfully solicited. 

If any issues remain which may best be resolved through a 
telephone communication, the Examiner is requested to telephone the 
undersigned at the local Washington, D.C. telephone number listed 
below. 



Attorney Docket No. L9289. 01104 PCT 
STEVENS DAVIS, MILLER & MOSHER, L.L.P. 
1615 L Street, N.W., Suite 850 
P.O. Box 34387 

Washington, D.C. 20043-4387 
Telephone: (202) 785-0100 
Facsimile: (202) 408-5200 



Date: August 31, 2004 
JEL/DWW/att 




Registration No. 28,732 
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DESCRIPTION 

PACKET COMMUNICATION APPARATUS AND TRANSMIT POWER CONTROL 
METHOD 



5 Technical Field 

The present invention relates to a packet 
communication apparatus and transmit power control method 
used in a radio communication system. 



10 Background Art 

It is required in a packet communication for a 
receiving station to receive a packet or a transmission 
unit, which is obtained by dividing the packet into 
portions, transmitted from a transmitting station through 

15 a propagation path without data error. Therefore, the 
transmitting station generally performs error correcting 
coding per unit transmission portion, and the receiving 
station performs error detection and error correction 
per unit transmission portion. 

20 It sometimes happens during the time a packet is 

transmitted that an error beyond the capability of the 
error correcting coding occurs on a transmission unit, 
and therefore cannot be corrected. In such a case, a 
receiving station abandons the packet, and requests a 

25 transmitting station to retransmit the packet. 

In order to perform stable communications in the 
case of performing a packet communication in a radio 
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communication where a propagation path environment 
changes rapidly, there is proposed a method in which power 
control is performed in addition to the above error 
correcting coding (Japan Laid Open Patent Publication 
5 HEI9-233021) . The power control is performed in such 
a way that a quality on a propagation path is estimated 
from a received signal, and deterioration on the 
propagation path is corrected corresponding to the 
estimated quality . 

10 Specifically, a receiving station detects a quality 

of received signal per packet or unit transmission portion, 
estimates a propagation path environment based on the 
received quality, generates power control information 
corresponding to the propagation path environment, and 

15 transmits a signal including the power control 
information to a transmitting station. The transmitting 
station adjusts transmit power based on the power control 
information . 

FIG . 1 is a schematic view showing a quality of 
20 received signal andpower control status in a conventional 
packet communication apparatus when a propagation path 
quality dotcrioratcc is deteriorated for a long 
term. period of time. In FIG.l, reference numeral "1" 
denotes a transmission packet, and reference numeral "2" 
25 denotes a transmission unit. Reference numeral '"3" 
denotes a change in the received quality in a packet 
receiving station. In FIG.l, ''up'' indicates that the 
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transmitting station receives instruction information 
for a power increase and "eq"^ indicates that the 
transmitting station receives instruction information 
for maintaining power. 
5 When the received quality, i.e., received quality 

3 deteriorates on transmission packet 1 or unit 
transmission portion 2, a transmitting station performs 
control for increasing transmit power successively a 
plurality of times. According ln response to the this 

10 control, the transmitting station increases the transmit 
power cucccs s i\^o ly ^ as shown in FIG.l. 

However, in such a condition that the control for 
increasing the transmit power is performed successively, 
it is considered to happen often that there is an error 

15 on a transmission unit received before the transmit power 
is increased, or an error that cannot be corrected occurs 
on a transmission unit that is transmitted with increased 
transmit power, and that retransmission of the packet 
is needed because the packet is not constructed. 

20 Therefore, although the power control is performed 

based on a quality of received signal and transmit power 
is increased, when retransmission of a packet is needed 
because there is an error on a transmission unit received 
before the transmit power is increased, or an error that 

25 cannot be corrected occurs on a transmission unit, the 
retransmission of the packet is sometimes unavoidable 
due to the error on the received unit transmission portion. 
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Further, increasing the transmit power may increase 
interference in peripheral communication stations. 
Accordingly in this case, the power is consumed wastefully, 
resulting in a problem that an efficient packet 
5 communication is not performed.— 

Disclosure of Invention 

It is an object of the present invention to provide 
— officiont — a packet communication apparatus and 
10 transmit power control method capable of a chic ving tha t 
make possible battery saving i;ithout incrcaoing c: - :tra and 
reduced interference 4r^. — against other communication 
stations . 

It iz — g cubjcct natter cf According to the present 
15 invention that , when a communication channel condition 
4rB — pocr ^ — p o vj c r — control — information — i-s — e t o r c d — \: i t h o u t 
incrcaeing is in deteriorated conditions, the transmit 
power efi — of the transmission units in a packet under the 
poor condition, and the control information ie rcfleotcd 
20 -3rfi~t ransmit ting a next paolcct, — v/hcrcby interference in 
peripheral — communication — otationo — irS — decreaoed , — the 
efficiency of — the paclcet — communication io through this 
channel will not be increased , and total trancmit povjer 
ie dccreaecd, thereby enabling battery oaving. . Instead, 
25 power control information will be.saved and this control 
information will be reflected in the transmission of the 



next packet, thereby reducing interference against nearby 
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communication stations^ improving the efficiency of the 
packet communication^ and reducing overall transmit power^ 
thus making possible battery saving. 

5 Brief Description of Drawings 

FIG.l is a schematic view showing a quality of 
received signal and power control status in a conventional 
packet communication apparatus; 

FIG. 2 is a block diagram illustrating a 
10 configuration of a packet communication apparatus 
according to a first embodiment of the present invention; 

FIG. 3 is a schematic view showing a quality of 
received signal and power control status in the packet 
communication apparatus according to the above 
15 embodiment; 

FIG. 4 is a flowchart to explain an operation of the 
packet communication apparatus according to the above 
embodiment ; 

FIG. 5 is a block diagram illustrating a 
20 configuration of a packet communication apparatus 
according to a second embodiment of the present invention; 

FIG. 6 is a schematic view showing a quality of 
received signal and power control status in the packet 
communication apparatus according to the above 
25 embodiment; and 

FIG. 7 is a flowchart to explain an operation of the 
packet communication apparatus according to the above 
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embodiment . 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention are explained 
5 specifically below with reference to accompanying 
drawings . 

( First embodiment ) 

The firct cir.bodiracnt c::plain3 a conotitution that 

a pac]cct undergoing control for incrcacing trancir.it povjcr 

10 a plurality cf timcc — ouccQGoivcly — i-s — judged to have — Sr 
high poceibility that the paclcct io re t ranorriittcd becauoe 
— pacicc t — h-a-e — BrFt — error — that — nakeo — ^ — impoooiblo — fe-e 
conetruct the packet after receiving it, — tranGiriit po;jcr 
4rS — thereby — B-e^c — inercaeed — on traneir.iDGion — uni t o — — the 

15 pa elect — after — — control — ie performed the plurality — 

timec, povjor control information is otored, and that the 
control information ie reflected in tranomitting a next 
paclcct . 

The first embodiment will be described with 
20 reference to a configuration, whereby a packet that keeps 
receiving control for increased transmit power a number 
of times is determined to contain an error that makes 
restructuring of the packet difficult after reception, 
and determined to be likely to be retransmitted, and 
25 whereby the transmit power of the subsequent transmission 
units in this packet will not be increased, and, instead, 
the transmit power control information will be saved and 



7 



then reflected in the transmission of the next packet. 

FIG. 2 is a block diagram illustrating a 
configuration of a packet communication apparatus 
according to the first embodiment of the present 
5 invention. 

A signal transmitted from a communication partner 
is received at radio reception section 102 through antenna 
101. Radio reception section 102 performs -eft — the 
received — c ignal — proccecing — e-^ — ampli f icat ion (gain 

10 control), down cenvcrt ing -conversion and A/D conversion— 
The of the received signal. This A/D converted signal 
is output sent to demodulation section 105, and -i-s- 
demodulated to bc there and acquired as the received data . 
The A/D converted signal is further output also sent to 

15 received quality detecting section 103 and to transmit 
power information extracting section 106. 

Received quality detecting section 103 measures, 
for example, the SIR (Signal to Interference Ratio) and 
received power^ to detect e — the received quality of 

20 received the signal. The dctcotcd detection result of 
the received quality is output sent 'to determining section 
104. Based on th-e — detcctcd this detection result, 
determining section 104 determines whether to increase, 
maintain or decrease transmit power, and outputs transmit 

25 power instruction information to modulation section 108 . 

Transmit power information extracting section 106 
extracts the transmit power instruction information from 
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the A/D converted signal, and inputs the transmit power 
instruction information to counter 1071 in transmit power 
control section 107. _ 

In transmit power control section 107, counter 1071 
5 counts the number of piccco — ©-^ — times transmit power 

instruction information is input 1 ranomi t power 

i n G t r u c t i o n — inf creation . Counting . Count control 

section 1072 in transmit power control section 107 
controls transmit power in respect to radio reception 

10 section 109 according to the transmit power instruction 
information, while ob s o rving monit oring the count number 
e-g — on counter 1071 to inotruct and instructing start and 
halt of transmit power control. Further, counting count 
control section 1072 pcrfoririG rccot of resets counter 1071 

15 Memory 107 3 stores transmit power instruction information 
thcrGin._ ^ 

Meanwhile, transmission data is out put sent to 
modulation section 108 go ^^foll go with the transmit power 
instruction information — t^e — fe-e — , modulated, and then 

20 output sent to radio transmission section 109. Radio 
transmission section 109 performs on the modulated oignal 
proccGcing of D/A conversion, up convorting -conversion 

and amplification (gain control-H Thug — ) of the 

modulated signal. The signal processed gignal thus is 

25 transmitted through antenna 101 as a transmission signal. 

An explanation is given of the operation of the 
packet communication apparatus with the above 



configuration. 

Radio reception section 102 performs predetermined 
processing on a received signal, and outputo the rccultant 
sends this signal to transmit power information 
5 extracting section 106. Transmit power instruction 
information extracted in transmit power information 
extracting section 106 is input to counter 1071 in transmit 
power control section 107. According to the transmit 
power instruction information, transmit power control 

10 section 107 p r o " i d c c — 3^^^ — instruction — — incrcac ing 
instructs radio transmission section 109 to increase or 
dccrcaoing decrease transmit power to radio trancniiijaion 
0 c c t i o n — 10 9, — h i 1 c — vj^hon — fe4=5-e — ccction — lr9-7 — r c c o i v c c — the 
i n c t r u c t i o n — information — ^e^r — i n c r c a o i n g — ^^re — p c vv o r — Br 

15 prcdct criuincd number of tinco cuccccoivcly , — otoring the 

t rQn£3iTLj-t — p o w c r — x n forma to. o n — i-rr — rr:0"iTr ' G ' r y 1073 — v/ j. t h o u t 

incrcaoing the tranomit poi ' ;cr of t ranomLio oicn unita — ^tt 
a pacjcct after receiving the information a predetermined 
numbc r — e-^ — t imeo , — erF^ — reflecting — rr^te — t ranomi t — poivc r 

20 in format ion oollectivcly — a^fe — fe4=^-e time otart ing 

t ranam^itting a ne:ct pacJcet. . When radio transmission 
section 109 keeps receiving instructions for increased 
power a number of times, transmit power control section 
107 will not increase the transmit power of the subsequent 

25 transmission units in a packet but instead store the 
transmit power information in memory 1073, and reflect 
the transmit power information, collectively, upon the 
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transmission of the next packet starts. 

Specifically, counter 1071 first counts the number 
e^ how many times the transmit power instruct ion 
information indicative of increaaing thc for increased 

5 power 4r3 — repeated — e u c c e g e i v e 1 . Counting continues . 

Count control section 1072 obccrvco m onitors whether or 
not the instruction information for i n c r e a c i n g 
the increased power ie repeated Gucccaeively cont inues a 
predet ermined certain number of times. For example, the 

10 count number of the instruction information for 
i n c r c a e i g — =c4ve — increased power is compared with a 

threshold. 

Then, when When transmit power control section 107 
detects a situation that where the instruction 

15 information for increaaing the increased power ie repeated 
Gucccggively continues a predeterminod certain number of 
timesT — :i:ifor example, when the number of times the 
instruction information for increasing — tr^T-e — po^:er — ts- 
repeatcd oucccaeively increased power continues exceeds 

20 a predetermined threshold7 — ^^^e — -transmit power control 
section 107 dcec will not provide an inst ruction signal 
for increaaing the increased power to radio transmission 
section 109 with respect to the subsequent transmission 
units after the aituation, — and atoroa in the packet, but 

25 instead store the instruction information in memory 1073. 
Afterthat, at the tine of t ran omitting a upon transmission 
of the next packet, the transmit power control section 
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107 fctchcG extracts the instruction information stored 
in memory 1073, and outputc thc sends instruction signal 
to radio transmission section 109 so as to reflect all 
the instruction information. 
5 Meanwhile, uhcn if the instruction information for 

incrcacing — ct^-b — power — irS — rter^ — rcpoatcd — o u c c c g c i v c 1 [y- — a- 
prcdct Qrrriincd increased power does not continue a certain 
number of times, transmit power control section 107 
outputG will send the instruction signal for 

10 incrcaoinq increased or dccrcaoinq thc decreased power to 
radio transmission section 109 according to the transmit 
power instruction information. Radio transmission 
section 109 adjusts e -the gain according to the instruction 
signal using a gain controller such as an amplifier, and 

15 thereby per fo rms per forming transmit power control. 

Tho This power control is performed as shown in FIG. 3 . 
Pacjcct When packet 201 is divided into a plurality of 
transmission units 202 ^ — fe-e — and these multiple 
transmission units are transmitted ocqucnt ially . When 

20 in order, if received quality 203 deteriorates due to 
variation in a changes in the propagation path, power 
control instruction information for incr cac ing increased 
transmit power is output will be sent under the transmit 
power control. In FIG. 3, "up"" indicates that the 

25 transmitting station receives instruction information 
for increased power , ''eg'" indicates that the transmitting 
station receives instruction information for maintaining 
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power, and ''down'' indicates that the transmitting station 
receives instruction information for decreased power. 
In this case, when the instruction for incrcacing — r^^e- 

p o Q r i-s r opcatcd a prcdGtcrmincd increased power 

5 continues a certain number of times ( four times in FIG . 4 ) , 
the transmit power control ic will be halted — for the 
subsequent transmission units. In the case of FIG. 3, 
the last transmission unit is not given transmit power 
control . In FIG. 3, the last unit transmission portion 

10 of the packet does not undergo the transmit power control . 
In this CDGC , — the poiJcr control inctruction infcriuaticn 
on the — lact unit tranoir.iecion portion of the pac]:et — ±-5- 
otorcd in the incmory, — and ic — reflected in the transmit 
po'ijcr ecntrol en a beginning unit t raneni e e i on perticn 

15 e-^ — a — ncK t — po elect . Proper — t ranemi t — p o v: c r — control — i-e- 

the reby 

That is, in FIG. 3, even if the instruction 
information for increased power is received for a fifth 
time, the last unit transmission portion of the packet 

20 that is going to be transmitted next will not be given 
transmit power control. In this case, the power control 
instruction information for the last transmission unit 
in the packet is stored in memory, and reflected in the 
transmit power control on the beginning transmission unit 

25 of the next packet. By this means, adequate transmit 
power control will be performed otarting from e- the next 
packet signal — forward. It is therefore possible to 
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perform efficient communications while decreasing 
interference in other stations. 

The transmit power control method as described above 
is next explained using a flowchart in FIG.4,_ 
5 A-^In step (hereinafter abbreviated az £T "ST^^ ) 301, 

power control instruction information is extracted from 

a received signal. — ^ ST3027 irS — judged — that 

determines whether or not a flag is set indicative 

e- ^indicat ing that ^c4^-e p o v: e r control inc traction 

10 information — i-s — repeated — ouccecoively — a — predetermined 
number — — t imcc . 

When the flag ie not oet, it ic judged that the this 

power control instruction information io indicative of 

i n a r e a G i n g p o e r €rrr^ that ^^r^^ p o \: e r increaeing 

15 in c traction — i-e — repeated — cuccocoivel]y^ — a — pr c do t e rmined 
numiber of timee — (ST3Q3; . has continued a certain number 
of times . 

When this flag is not set, determinations are made 
as to whether the power control instruction information 

20 is for increased power and whether that instruction for 
increased power continues a certain number of times 
( ST303 ) . When the power increasing instruction 4re- 
rcpQatcd ouccooGivcly aprodeterminod continues a certain 
number of times, the flag is set.(ST304-H — while u:hen ) . 

25 When the power increasing instruction -jr^ does not repeated- 
DuccGGGively a predate rminod certain number of times , the 
power control is performed according to the power control 



14 

instruction information (ST307) . Further, when the flag 
is set, the power control instruction information is 
stored in the memory (ST305), and the power control is 
halted (ST306) . 
5 When the power increasing instruction ic rcpoatcci 

cuccccoi'/cly continues a prodotcrmincd certain number of 
times, the power control instruction information is 
stored in the memory (ST305), and the power control is 
halted (ST306). Then, the power control instruction 

10 information stored in the memory is reflected in the 
transmit power control — a — of the beginning ' unit 
transmission portion unit of e -the next packet. 

r VThe situation that fe^re where control for 

incrccGing increased transmit power 4r^ repeated 

15 cucccGciv el y continues indicates that — a condition — 

c o n t i n u e d — that — incrcaoing — ^h-e — t r a n a m i t — p o w c r — do c a — nc t 
oufficicntly coir.pcneate for deterioration cf a situation 
where deteriorating received signal quality due to 
propagation path degradation— is not compensated enough . 

20 In this case, it is conoidcrcd likely that the transmission 
units are not received accurately-rand that a poaoibility 
that a the packet ic ovcntually will be later retransmitted 
4rS — high. _^ 

According to the transmit power control method of 
25 this embodiment, eucccGaivc piccca — e^ cont inuous power 
control instruction information a-^^ is counted, and^when 
the control information for in or cac in g thc increased power 
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4re repeated ouccecciv el y continues a 

prcdo t crnincd certain number of times or more, the power 
control is halted and the power control information is 
cnly ctored, — v/hereby it io poecible to ouppreoG stored, 
5 thereby minimi zing wasteful power consumption by not 
increasing the transmit power. Further, the stored power 
control instruction information is reflected in a 
transmission unit of e ^the next slot, thereby er.abling 
the pac^cQt to be t raneiTii 1 1 cd accurcdly . m aking possible 

10 secure packet transmission. 

Furthermore, since transmission is not performed 
;;ith unreaeonablc applying unreasonably high power e^ t o 
a poor — qual i ty communication channel, it is possible 
to reduce interference in peripheral nearby communication 

15 stations, increase the efficiency of ^^^^e packet 

communication, and decrease ^^^^-e — total overall transmit 
power, and achieve battery saving. 
(Second embodiment ) 

The occond Gmbcdiimcnt e:-[plainD a conotitution that 

20 uith rcDpcct to a paelcct undergoing control for inercaoing 
trancrr.it — pO'y;er — a — plurality — e-r — t i.n:ie e — GuccceeiYcly, — the 
transmit — power — — o n 1 y a — pilot — g i g n a 1 — portion — r-e-if — use 
by a receiving aide in dot errriining a quality of received 
Gignal ic incrcaGcd in unit tranemiGGion portion of the 

25 Glot after the control ie repeated the plurality of timcG, 
and that the tranGinit po;u'er of a loot pilot oignal portion 
ic reflected in -ijhele tranGiraGGicn unite at the tiT.e of 



tranonitt ing — a — no::t — clot. A second embodiment will be 
described with reference to a configuration, whereby, 
when a packet keeps receiving control for increased 
transmit power a number of times, only those transmission 
5 units in the packet that are used in received quality 
determination at the receiving end will have increased 
transmit power, and whereby the transmit power of the 
immediately last pilot signal is reflected upon all 
transmission units when the next packet is transmitted. 

10 FIG. 5 is a block diagram illustrating a 

configuration of a packet communication apparatus 
according to the second embodiment of the present 
invention- In addition, in FIG. 5, the same sections as 
those illustrated in FIG. 2 are assigned the same reference 

15 numerals as those in FIG. 2 to omit detailed explanations 
thereof . 

In the configuration illustrated in FIG. 5, a 
configuration of transmit power control section 401 is 
different from a corresponding configuration illustrated 

20 in FIG. 2. That is, transmit power control section 401 
has counter 4011 that counts the number of picccG — 
tranomit power instruction information, counting count 
control section 4012 that controls transmit power on a 
control channel for transmitting, for example, a pilot 

25 signal, and transmit power on a data channel for 
transmitting data independently to increase or decrease 
respective power corresponding to the count number 
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on counter 4011, control channel power control section 
4013 that performs power control on the control channel, 
and data channel power control section 4014 that performs 
power control on the data channel. 
5 An explanation is given of the operation of the 

packet communication apparatus with the above 
configuration. 

Radio reception section 102 performs predetermined 
processing on a received signal, and output c the rcoultant 

10 sends this signal to transmit power information 
extracting section 106. Transmit power instruction 
information extracted in transmit power information 
extracting section 106 is input to counter 4011 in transmit 
power control section 401. According to the transmit 

15 power instruction information, transmit power control 
section 401 provides an instruction for increasing or 
decreasing transmit power on the control channel to radio 
processing section 109, while . When when thc transmit 
power control section 401 rcccivco keeps receiving the 

20 instruction information for inorcaoing — thc increased 
power — D u c c 0 G c i T Q 1 y a p r c d c t c r m i n g d — number of times 
c u c c G c c i T G 1 y , — transmit power control section 401 
dcGC will not increase the transmit power of the subsequent 
transmission units in a — the p acket on the — data channel 

25 after rGociving the information a predetermined nurabcr 
e-r — t iraeo . j _ Then, on the data control channel, the 
transmit power of e -the immediately last control signal 
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portion io will be reflected in the transmit power of the 
signal portion of o i gna 1 — portiono — on the data channel 
( i.e. data signal portion o) at ) when the timo transmission 
units of starting — transmitting a — tranomicoion — unit — 
5 e -the next clot , — packet starts . 

Specifically, counter 4011 counts the number of 
times the transmit power instruction information 
indicative — s-^ — i n c r c a o i n g — thc for increased power 
repeated oucccooivcly for continues in the data channel. 

10 Count control section 4011 obo c r vc o 4 0 1 2 monitors whether 
or not the instruction information for incrcaoing 
thc increased power io repeated ijuoceccivcly continues a 
prodetcrrr.incd certain number of times. For example, the 
count number e—on the instruction information for 

15 incrcaoing — fe4re — increased power i s compared with a 

threshold. 

Then, when transmit power control section 401 

detects a situation that where the instruction 

information for incrcaoing thc increased power io repeated 

20 oucccooivcly continues a prcdctcrmincd certain number of 
timesT — nnfor example, when the- number of times the 
instruction information for incrcaoing — t^re — po;;er — 
ropcatcd ouccoooivcly increased power continues exceeds 
a predetermined t h r e s h o 1 d7 — t^^re — ocction — 4-64 — output o — er^ 

25 --instruction signal for halting the power control e ^wi th 
respect to the subsequent transmission units of tor in the 
oituaticn packet will be sent to data channel power control 
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section 4014. Data channel power control section 4014 
controls radio transmission section 109 so that thc radio 
transmission section 109 halts the power control e^of 
the subsequent transmission units after the — oituaticn 
5 e-frof the data — channel . — packet . 

Meanwhile, e-fr as for the control channel, control 
channel power control section 4013 controls radio 
transmission section 109 so that thc radio transmission 
section 109 increases or decreases the power according 
10 to the transmit power instruction information. Radio 
transmission section 109 adjusts a — the gain according 
to the instruction signal using a gain controller such 
as an amplifier, and thereby per fo rmo per forming transmit 
power control. 

15 Then, with respect to the control channel, count ing 

control section 4012 instructs radio transmission section 
109 to reflect the transmit power of a -the immediately 
last control signal portion — (for example , (e.g., pilot 
signal portion ) in the transmit power of the data signal 

2 0 portiono at the time when the transmission o f starting 
t ranomi 1 1 ing a the transmission uni t uni t s of e- the next 
clot. packet starts. 

The tr an omit This power control is performed as shown 
in FIG. 6. Pa elect — When packet 501 is divided into a 

25 plurality of transmission units 502 ^ — ^and these 
multiple transmission units are transmitted ocqucntially 
VJhen in order, if received quality 503 deteriorates due 
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to g variaticn in a changes in the propagation path, power 
control instruction information for incrcaa ing increased 
transmit power io output will be sent under the transmit 
power control. — 
5 In FIG. 6, ''up" indicates that the transmitting 

station receives instruction information for increased 
power, ''eg'" indicates that the transmitting station 
receives instruction information for maintained power, 
and ''down'' indicates that the transmitting station 

10 receives instruction information for decreased power. 

In this case, when the instruction for incrcaoing 
— P o ;t q jr — — repeated — a — predcter:TLincd increased power 
continues a certain number of times (four times in FIG. 6) , 
'rrhre — transmit power control i-s — will be halted ef^^ — data 

15 oignale. for the subsequent transmission units. In the 
case of FIG. 6, the last transmission unit is not given 
transmit power control. In FIG. 6, the last unit 
transmission portion of the packet does not undergo the 
transmit power control. That is, in FIG. 6, even if the 

20 instruction information for increased power is received 
for a fifth time, the last unit transmission portion of 
the packet that is going to be transmitted next will not 
be given transmit power control. Meanwhile, the transmit 
power control is performed on each unit — transmission 

25 portion unit of a pilot signal to bo — tranomitted that 
transmits on the control channel according to the power 
instruction information. Then, on the data channel, the 
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transmit power control ic pcrforxod on the beginning 
unit transmission portion unit of e— the next packet is 
performed according to the power instruction information 
of e -the immediately last pilot signal. In other words, 
5 — a -with the data signal, BtB — amount — denoted — ::i t h — R 
ecrr eepcnding to the transmit power i not ruction control 
information of ''H, which combines hi and h2, in FIG.^6_ 
is reflected jrrr upon the beginning unit — transmission 
portion unit of the next packet. 

10 The transmit power control method as described above 

is next explained using a flowchart in FIG. 7. 

A-= ^In ST 601, power control instruction information 
is extracted from a received signal. At ST6Q27 — ^ — 5r-s- 
j udgcd — that determines whether or not a flag is set 

15 indicative of that thc indicat ing that this power control 
instruction information — repeated — cucccccively has 
continued a prcdctermined certain number of times. 

When ^^ ^this flag is not set, i^fe — i-s — judged that 
determinations are made as to whether the power control 

20 instruction information is indicative of incrcaGing f or 
increased power and whether that ^crh-e — pou'or — i n c r c a c i n g 
instruction io repeated cucccscivcly f or increased power 
continues a prodotormined certain number of times (ST603) . 
When the flag is set, transmit power control ir ^will be 

25 performed only ei^-a -with respect to the pilot signal portion 
of a in the control channel according the power control 
instruction information (ST605) . In other words, the 
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transmit power control is halted on e— the signal potion 
of the data channel — (ST605). With the beginning 
transmission unit of the next packet, power control for 
the data signal is performed (ST6Q7), 
5 Further, when the power incrcacing instruction ^rs- 

repeated — Gucceooively f or increased power continues a 
predeterr.incd certain number of times_, the flag is set 
(ST604) , and the transmit power control is performed 
only a -with respect to the pilot signal pcrticn of the 
10 control channel according to the power control 
instruction information (ST605). In other words, the 
transmit power control is halted on e -the data signal 
portion. _ ^ 

When the p o v; e r increeoing instruction 4-5 -f or 

15 increased power does not repeated euccc e c i vc ly cont inue 
a predetermincd certain number of times , the power control 
is performed on the data channel and control channel for 
each unit transmission portion according to the power 
control instruction information (ST606). — 

20 r rThe situation that t^^-e where control for 

incrcaoing increased transmit power 4rs repeated 

oucceooiv el y continues indicates that — a condition — i-s- 
continucd that — incrcacing the trancmit pov/or doee — not 

cuf f icicntly coiuponcat e deterioration 

25 e- situation where deteriorating received signal quality 
due to propagation path degradation — is not compensated 
enough . In this case, it is con aide red likely that the 
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transmission units are not received accurately— and that 
g popgibility that a the packet ig cvcntually will be later 

re transmit ted^rs — high . _^ 

According to the transmit power control method of 
5 this embodiment, cucccccivc piccoc — e-r ^cont inuous power 
control instruction information arc is counted, and_^when 
the control information for i ncrGao in gtho increased power 
±-s — rcpcatcd continues a prcdctor.Tiincd certain number of 
times ormore, the trancm.it power ori a pilot signal pcrtion 

10 control — irs — only — increaocd, — alone will have increased 
transmit power and the transmit power on a of the data 
signal portion ic will not be increased. It i c thereby 
pocoiblc — far — fe^re — pci/e r — e c n t r o 1 — rrs — continue — fe-e — operate 
accurately bet'i/een a transmitting otaticn and a receiving 

15 e t a t i o n — that — j udgc e — a — quo lit y — 9^ — received — e ignal — f roriT 
the pilot eignal portion '•^;ithout forcing the tranemitting 
aide to tranarriit eignale v;ith unneccaoary high pQ;:er. By 
this means, it is possible to maintain accurate operation 
of power control with respect to the receiving station 

20 that determines received quality from the pilot signal 
and prevent transmission applying excessive power. As 
a result, it is possible to reduce interference in 
peripheral — ctationo the surroundings and increase the 
efficiency of packet communication. Further, the power 

25 control instruction information ef^-a -for the p ilot signal 
portion is reflected at the time of ctarting upon the power 
control information for the pilot signal when the transmit 
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power control — a- of the data signal p o r t i c n , — ;:hc r cby 
■irx: — i-s — poGciblc — ferS — tranGiTiit paciccto — a a c u r o d 1 y . — starts ^ 
thereby securing the transmission of the packet. 

Ofi- Thus^ on a poor -quality communication channel, 
5 thuc controlling transmit power of e — the pilot signal 

portion and the data signal portion separately 

cnablco makes it possible to maintain accurate operation 
of the power control ^c-e — continuo to operate accuratoly 
and f urthc r — cnablcc prevent transmission ft-e-fe — ^-s — fee- 

10 perforncd 'u;ith unreaeonablc hiqh applying excessive power. 
•S^ By this means, it is t h c r e b }^ — possible to reduce 
interference in peripheral nearby communication stations, 
increase the efficiency of packet communications, and 
perform more proper transmit power control 4rrr 

15 t ranc.Tiitt ing — a -upon next packet — transmission. 

The packet communication apparatus according to 
either of the above first and or second embodiment-s- is 
applicable to a base station apparatus and a communication 
terminal apparatus such as a mobile station in a digital 

20 radio communication system. It io thereby pooaiblc tc 
achieve radio comrr.unieatione ' .;ithhigh efficiency without 

conouming — p o w o r — v; a a t e f u 1 1 y . The present invention 

thus enables radio communications at an excellent level 
of efficiency at minimum power. • 

25 A packet communication apparatus of the present 

invention adopts a configuration having an extractor that 
extracts transmit power control information from a packet 
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signal comprised of transmission units each including 
the transmit power control information, a determiner that 
determines quality deterioration of the packet signal, 
and a controller that performs control for halting 
5 transmit power control on a transmission unit to be 
transmitted after determining the quality deterioration 
on the packet signal, based on a determined result. 

According to this configuration, zLncz the power 
control is halted and the power control information is 

10 only — stored when a — the quality of the packet signal 
deteriorates, v; h c r c b y s o that it is possible to 
Gupprcc o m inimi ze wasteful power consumption by not 
increasing the transmit power. 

Furth:2r Furthermore , since transmission is not 

15 performed ;;ith unrcagonablc applying unreasonably high 
power e^ to a poor -quality communication channel, it is 
possible to reduce interference in pcriphcral nearby 
communication stations, increase the efficiency of the 
packet communication, and decrease ^crire — totQl overall 

20 transmit power, and achieve battery saving. 

A packet communication apparatus of the present 
invention adopts another configuration having storage 
that stores the transmit power control information for 
the unit transmission portion to be transmitted after 

25 determining the quality deterioration on the packet 
signal, where based on the transmit power control 
information stored in the storage, the controller 
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performs the transmit power control on a beginning unit 
transmission portion of a next packet. 

According to this configuration, s-SrFs-ee— t he stored 
power control instruction information is reflected jr ^upon 
5 a transmission unit of e — the next pocket, so that it is 
possible to transmit the packet assuredly. Further, 
proper transmit power control can be performed atcirting 

from e- the next packet signal-: ^ forward, so that it 

is there foro possible to perform efficient communicat ion-s- 

10 while do ere g c ing r educing interference in other 
ctatione. the surroundings. 

A packet communication apparatus of the present 
invention adopts another configuration having an 
extractor that extracts transmit power control 

15 information from packet signals each comprised of 
transmission units each including the transmit power 
control information, the packet signals being transmitted 
using a data channel and a control channel, a determiner 
that determines quality deterioration of the packet 

20 signals, and a controller that performs control for 
halting transmit power control on a transmission unit 
to be transmitted after determining the quality 
deterioration on a packet signal for the data channel 
signal, based on a determined result.— 

25 According to this configuration, on a poor -quality 

communication channel, thua controlling transmit power 
of e -the pilot signal portion and the data signal portion 
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separately cnablcg makes it possible to maintain accurate 
operation of the power control ^c-e — con t inuc — xre — operate 
QccuratGly and further engbl c e pre vent transmission not 
to be performed vjith unrcaGonablc high applying excessive 
5 power. - ^By this means, it is thereby possible to reduce 
interference in pcripheral nearby communication stations, 
increase the efficiency of packet communicat ione-, and 
perform more proper transmit power control 
trenerr.itting g upon next packet— transmission. 

10 A packet communication apparatus of the present 

invention adopts another constitution where based on the 
transmit power control information for a last unit 
transmission portion of the packet signal on the control 
channel, the controller performs the transmit power 

15 control on a beginning unit transmission portion of a 
next packet on the data channel. 

According to this constitution, the power control 
instruction information of e— the pilot signal portion 
is reflected at the time of otarting the tranemit power 

20 control on a data oignal portion^ v/hcreby it io pcoeiblc 
to tranemit pae]:cta aoourcdly. when the transmit power 
control of the data signal starts, thereby securing the 
transmission of the packet. 

In the packet communication apparatus of the present 

25 invention, it is preferable for the determiner to 
determine the quality deterioration using the number of 
times the transmit power control information for 
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increasing transmit power 4rB repeated 

ouccoooivcly . continues . 

A communication terminal apparatus of the present 
invention is characterized by having the above packet 
5 communication apparatus. A base station apparatus of 
the present invention is characterized by having the above 
packet communication apparatus. Acec rding — ttS — t h e o c 
ccnctitutionc^ — it ic poceiblc to achieve efficient radio 
caiauiunicatione \;ithout coneuming power wact of ully . These 

10 configurations enable radio communications at an 
excellent level of efficiency at minimum power. 

A t ran eiriic 0 ion transmit power control method of the 
present invention has the steps of extracting transmit 
power control information from a packet signal comprised 

15 of transmission units each including the transmit power 
control information, determining quality deterioration 
of each of the packet signals, performing control for 
halting transmit power control on a transmission unit 
to be transmitted after determining the quality 

20 deterioration on the packet signal, based on a determined 
result, and performing the transmit power control on a 
beginning unit transmission portion of a next packet based 
on the transmit power control information for a 
transmission unit after determining the quality 

25 deterioration on the packet signal. 

According to this method, oinoc the power control 
is halted and the power control information is only stored 
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when a — the quality of the packet signal deteriorates, 
vjhcrcby so that it is possible to cupprccc m inimize 
wasteful power consumption by not increasing the transmit 
power. Further more , since transmission is not per formed 
5 'j;ith unrcaoonablc applying unreasonably high power e-B-to 
a poor -quality communication channel, it is possible to 
reduce interference in pcriphcr::l nearby communication 

stations, increase the efficiency of the packet 

communication, and decrease the tota l ove rail transmit 

10 power, and achieve battery saving. 

Fur the rmor c , aincc — Further, the stored power 

control instruction information is reflected in a 
transmission unit of a next pocl^ot, — ^ — io poooiblc — fe^ 
tranomit the packet aoourcdly. Moreover the next slot, 

15 thereby making possible secure packet transmission. 
Further, proper transmit power control can be performed 

Gtarting from e- the next packet signal-: It ic therefore 

forward. This makes it possible to perform efficient 
communicationo while dccreao ing communicat ion while 

20 reducing interference in other cto.tiono. the 

surroundings . 

A transmit power control method of the present 
invention has the steps of extracting transmit power 
control information from packet signals each comprised 

25 of transmission units each including the transmit power 
control information, the packet signals being transmitted 
using a data channel and a control channel, determining 
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quality deterioration of each of the packet signals, 
performing control for halting transmit power control 
on a transmission unit to be transmitted after determining 
the quality deterioration on a packet signal for the data 
5 channel signal, based on a determined result, and 
performing the transmit power control on a beginning unit 
transmission portion of a next packet on the data channel, 
based on the transmit power control information for a 
last unit transmission portion in the packet signal on 

10 the control channel. — 

According to ^c4~e — this m ethod, on a poor -quality 
communication channel, thug controlling transmit power 
of ^the pilot signal portion and the data signal portion 
separately onobloo makes it possible to maintain accurate 

15 operation of the power control — cont inuo — fe-e — oporot c 
accurately and further c" ab 1 c o pre vent transmission not 
to be performed i;ith unroaoonablo high applying excessive 
power . ^ By this means, it is thereby possible to reduce 
interference in pcriphcral nearby communication stations, 

20 increase the efficiency of packet communication, and 
perform more proper transmit power control upon next 
packet— transmission. 

In the transmit power control method of the present 
invention, it is preferable to determine the quality 

25 deterioration using the number of times the transmit power 
control information for increasing transmit power 
continues . 
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The present invention is not limited to the 
abovement ioned embodiments, and is capable of being 
carried into practice with various modifications thereof . 
For example, while the above embodiments explain the case 
5 where as a method of determining quality deterioration, 
the method is used of counting the number of times the 
instruction for increasing transmit power continues , 
another method is applicable in the present invention 
as the method of determining quality deterioration. In 

10 other words, the method of determining quality 
deterioration is not limited to any particular one in 
the present invention. 

As described above, the packet communication 
apparatus of the present invention is capable of 

15 performing power control adapted to packet communications , 
suppressing excessive power control for compensating for 
deterioration of communication path quality, and 
decreasing interfering power in peripheral communication 
stations and also total transmit power. 

20 This application is based on the Japanese Patent 

Applications No . HEIll-156663 filed on June 3, 1999, and 
No . HEIll-188 64 9 filed on July 2, 1999, entire contents 
of which are expressly incorporated by reference herein. 

25 Industrial Applicability 

The present invention is applicable to abase station 
apparatus and communication terminal apparatus in a 
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digital radio communication system. 



